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Infrared spectra  of coa l  have been prepared, h i s t o r i c a l l y ,  as might 
be expected, by the  usua l  techniques. Each of these has something t o  recommend 
it and each has some disadvantage. 
exhibi ted excessive s c a t t e r i n g  and have provided good spec t ra  only a f t e r  long 
per iods of grinding, of ten  under selected solvents .  

Both mulls and a l k a l i  ha l ide  d i s c s  have 

But even a f t e r  a sample was prepared and i t s  spectrum recorded, t h e  
i n t e r p r e t a t i o n  was complicated by t h e  presence of a l a r g e  amount of carbon 
xhich contr ibutes  nothing. I n  f a c t ,  the  presence of a la rge  amount of highly 
absorbing carbon d e t r a c t s  from t h e  spectrum by imposing at tenuat ion 
requirenents on the  reference beam. I n  addition, t h e  organic components have 
reacted with a l k a l i  ha l ide  d i s c s  and i n  some cases spurious water bands have 
been reported.  

The conbination of ATR and pyro lys i s  o f f e r s  a new approach t o  the  
s z u d  rf coal  samples by inf ra red  spectrophotometry. In  t h i s  study a Barnes 
PY-2 Pyrzlyzer and a Barnes ATR-4 u n i t  were used i n  conjunction with a 
Perkin-Elmer 257 Spectrophotometer. 
s i i p l i f i e s  sample preparat ion but  imposes c e r t a i n  precautions which must be 
observed i n  in te rpre ta t ion .  

The use of t h i s  combination of techniques 

Experimental 

Two charges of 25Omg each were used t o  prepare each spectrum. One 
ckarge v:es deposited on each s i d e  of an ATR-4 KRS-5 ( tha l lous  bromide-iodide 
cr , -s ta l ) .  After  appropriate  experimentation, a time of 90 seconds and 900°C 
was used f.or each charge. 
0.lm c r  l e s s .  P j ro lys i s  i n  a vacuum i s  necessary i n . o r d e r  t o  e l iminate  
open i'lane cmbust ion and t 3  minimize possible  end group react ions.  

All of the  samples were pyrolyzed i n  a vacuum of 

Resul ts  

Six coa ls  of varying rank were s tudied.  These were obtained from 
Dr. R .  A. Fr iedel ,  t h e  symposium chairman. They a r e  described i n  Table I. 
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COAL SOURCE ARE3 PERCENTAGE C 

Anthracite Reading, Pennsylvania 92.5% 

Low v o l a t i l e  

Medium v o l a t i l e  

High v o l a t i l e  B 

High v o l a t i l e  A 

B i  twninous Pocahontas, West Virginia 9 1 . 9  

Bituminous Wyoming County, West Virginia 9 9 . 9  

Bituminous Waltonville, I l l i n o i s  7 9 . 8  

Bituminous Bruceton, Pennsylvania 83.1% 

Sub -b i  tuminous Sweetwater County, Wyoming 73.72 

One of the r e s u l t s  of t h i s  study which was somewhat surpr i s ing  i s  
t h a t  the  same time-temperature conditions could be applied t o  produce spectra 
of apprDximately equivalent appearance f o r  a l l  s i x  of the samples studied. 

Fig. 1 shows t h e  ATR spectrum of the  pyrolyzate of sub-bituminous coal. 
The spectrum shows the presence of phenols i n  l a rge  amounts. The -OH band 
centered a t  about 3225 cm-1. There a re  shoulders on both s ides  of the  
absorption peak ind ica t ing  the  presence of o ther  species of -OH o r  perhaps 
-NH. 

In Fig 2, which i s  the  pyrolyzate of high v o l a t i l e  A bituminous, 
shows c l e a r e r  separation of bands i n  the  -OH s t r e t c h  region. The carbonyl region 
i s  subs t an t i a l ly  unchanged and the  phenyl frequencies i n  the  650 t o  850 cm-I 
region have become more complex. 
of phenols. 

The spectrum continues t o  show t h e  presence 

The pyrolyzate of high v o l a t i l e  B bituminous shown i n  Fig.  3 shows 
t h a t  the  amount of v o l a t i l e  -OH has ,decreased i n  quant i ty  and i n  complexity. 
The phenyl frequency region from 650 t o  850 em-’ has become somewhat l e s s  
complicated. The carbonyl region i s  a l s o  changed and shows fewer bands. This 
ind ica tes  t h a t  the very v o l a t i l e  components found i n  very low rank coals a r e  
present  i n  decreased amounts. 

The spectrum of medium v o l a t i l e  bituminous shown i n  Fig. 4 shows a 
The -OH p a t t e r n  i n  the  carbonyl region and i n  the  1400 t o  1500 cm-’ region. 

s t r e t c h  region remains about t he  same. The phenyl frequencies from 
650 t o  850 cm-’ have again become more complex. 
a t  1420 em-’ may be taken t o  mean t h a t  there  has been an increase i n  the  
a l i p h a t i c  subs t i t u t ion  of the  phenyl systems. 

The appearance of the  band 

Low v o l a t i l e  bituminous which has almost t he  same carbon content 
a s  the pyrolyzate shown i n  Fig. 5. The spectrum is  no t  a s  in tense  probably 
because the re  a re  not as many v o l a t i l e s  present.  
has almost disappeared. 

The band a t  1X)O t o  1300 cm-l 
The 650 t o  850 cm-I region has become qu i t e  complex. 

The spectrum of the  pyrolyzate of an th rac i t e  is  shown i n  Fig.  6 .  
This spectrum is not r e l a t ed  t o  the  others.  It is, i n  f ac t ,  simply a spectrum 
of t a r .  
roads and driveways. The only d i f fe rence  i s  i n  t h e  s i z e  of t h e  charge used t o  
produce the spectrum. 
of about the  same i n t e n s i t y  a s  a 25Omg charge of an th rac i t e .  

The same spectrum has been observed from asphal t s  used t o  black top  

A charge of about 25mg of asphal t  w i l l  produce the  spectrum 
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The spectra  i n  t h i s  study show t h a t  a combination of ATR and pyrolysis  

of fe r  a new approach t 3  the  study of coal  spectra .  
technique l i e s  i n  t h e  f a c t  t h a t  it speeds up sample preparation. 

The major b e n e f i t  of the  
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